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Abstract 
A kind of Laser source with ATC, APC ,ACC and modulation interface is introduced, we use the sine electric signal to 
complete direct modulation, the sine electric signal`s frequency change from 50MHz to 200MHz,and the period is 
0.5ms,then we use New focus 1161Photodetector which frequency response is 1GHz to detect the output modulated light 
signal, the modulated light signal`s frequency change from 50MHz to 200MHz, contrast with the electric signal, analyzing 
the factors which influence the light signal`s modulation depth, through adjusting laser`s output power and electric 
signal`s peak, the light signal`s modulation depth can reach 33% at last. 
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1.Introduction 
The Semiconductor lasers is a Widely used light source device in optical fiber communication. The features 
is very small very fast speed and long life. The most important question in optical fiber communication is how 
put transmit signals load the laser radiation. According to the different modulation way, the modulation has 
direct modulation and indirect modulation. The advantages of the direct modulation is economyǃsimple and 
so on, and it can save the expensive external modulator, it is the most commonly used modulation way in the 
optical fiber communication[1]. The Semiconductor lasers has good frequency response characteristics ,so it 
can use direct modulation to implement optical fiber communication. In this paper to the special 
semiconductor lasers, it has input interface temperature control[2]and power control[3]ˈwe use high-
frequency electric signal with continuous variable frequency to accompany modulation. Experiment shows the 
modulated output optical signal waveform and frequency spectrum. analyzing the factors which influences the 
light signal`s modulation depth. 
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2. The principle of direct modulation 
Direct modulation is the modulation signal is loaded during the process of laser shock, through the modulation 
signal to change the parameters of shock, it can change the laser output characteristics so as to achieve the purpose 
of achieving modulation[5] the schematic of direct modulation shown in figure 1: 
 
 
Figure 1  the schematic of direct modulation 
 
When using the electric signal to accompany the laser`s intensity modulation, As shown in Figure 1 left, the 
output optical power of the laser is proportional to the input signal`s current. if P is the average optical power, so: 
)cosm1PP )( tt Z ˄  
P is the output average power of the laser resource, m is the modulation depth, m=ƸP/P, as the signal`s 
modulation, ƸP is the the amplitude of the laser output power. 
When using the Photodetector to receive the output light signal, the electric signal is:  
)cosm1II )( tt Z ˄
 
I is the average current, and it is DC component, Alternating parts can recovery the original signal. 
3 Analysis of direct modulation technique 
3.1 the factors influence the output light`s modulation depth 
   The modulation characteristic of semiconductor laser as shown in Figure 2˖ 
 
 
Figure 2  The modulation characteristic of semiconductor laser 
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The modulation electric signal imposes on the the bias current, so it can accompany the laser`s intensity 
modulation, in this experiment the output waveform is sinusoidal, 
and the Peak intensity is twice to the trough intensity. We can calculate the modulation depth 
m=0.5I/1.5I=33%,so we must find the factors which influence the output light`s modulation depth, through 
change the parameters so as to the modulation depth can content .we know the modulation depth m=ƸP/P, Ƹ
P is the the amplitude of the laser output power, as shown in figure 2,(1)when the amplitude of the modulation 
electric signal is constant, through changing the DC bias, then the output power will change also, the output 
optical signal`s modulation depth will change, make sure the output optical signal is not distortion, decrease 
the DC bias, the modulation depth will increase, the output power of the laser will decrease.(2)when the output 
power of the laser is constant, the work point is unchanged, make sure the output optical signal is not 
distortion, By the above equation; increase the amplitude of the electric signal, the amplitude of the output 
optical signal will increase, the modulation depth will increase. 
   Through analysis we can see; make sure the output optical signal is not distortion ,decrease the output power 
and increase the amplitude of the electric signal will increase the output optical signal`s modulation depth. 
3.2 the influence of work point to output property 
  By analyzing the current-power curves of the semiconductor lasers, we know the factors which affect the 
modulation depth, In order to increase the modulation depth, we can decrease the output power and increase 
the amplitude of the electric signal, but the output power should not be too low, because the work point is set 
in different place, the output feature will not be same, usually the current-power curves can be divided into 
three parts: cut-off region; linear region; saturation region[5].When the work point is set in different region, 
the output optical signal is different, In order to make sure the output optical signal is not distortion, we can 
analyze the influence of work point to output property, as shown in figure 3;4;5. 
 
             
Figure3:the work point is           Figure 4: the work point is                   Figure 5: the work point is 
set in linear region                       set in cut-off region                             set in saturation region             
 
Through analysis we can see; only figure 3 the output signal and input signal is not distortion, figure 4 and 
5show that the output signal is distortion, so we must select the reasonable work point, when the work point is 
set in linear region, make sure the output optical signal is not distortion, we can adjust the output signal`s 
modulation depth. 
4 Experimental results and analysis 
In this experiment we use the I1064S050P-IS semiconductor lasers which made in USA, the Output 
wavelength is 1064nm, the max output power is 300mw,we use direct modulation to this laser, Experimental 
principle diagram shown below: 
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Figure 6 experimental principle diagram 
 
The output optical signal waveform figure shown in figure 7;that is the waveform figure with different 
frequency. 
 
  
Figure 7 the waveform figure with different frequency 
 
Because the electric signal`s frequency change from 50MHz to 200MHz,it is not seen from the oscilloscope 
clearly, we can see the spectrum charts to make sure the frequency, as shown in figure 8: 
 
Figure 8  The output optical signal`s spectrum charts 
 
Through spectrum charts we know the frequency change from 50MHz to 200MHz,so the output optical 
signal is same in waveform figure and frequency. 
Then the output optical signal pass the photoelectric conversion circuit, exert a DC voltage in order to watch 
the modulation depth, we require the modulation depth m=33%,now the amplitude of the electric signal is 
1V,by adjust the output power of the laser, we get the largest modulation depth as shown in figure 9: 
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Figure 9 the largest modulation depth 
 
We can calculate the modulation depth m=16/76h100%=21%ˈthis is the largest modulation depth when 
the amplitude of the electric signal is 1V. Through the above analysis, we increase the amplitude of the electric 
signal, the modulation depth reach 33% at last. 
5 Conclusion 
Using the above experimental program, realized the direct modulation to the semiconductor lasers, the 
modulated light signal`s frequency change from 50MHz to 200MHz, Output waveform is a sine wave, through 
analyze the factors which influence the output light`s modulation depth and the influence of work point to 
output property, we select reasonable output power and the amplitude of the electric signal, the modulation 
depth can reach 33% at last. 
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